MANY PaESSOR substances such as catecholamines, vasopressin and angiotensin are liberated during haemorrhagic hypotension, and these substances cause severe vasoconstriction which leads to decrease in tissue perfusion. To alleviate this vasoconstriction and to improve tissue perfusion, phenoxybenzamine (POB), an a-adrenergic blocker, has been tried for the treatment of haemorrhagic shock. 1 However, success in the treatment of shock with POB has been limited. 1
The animal was observed for 60 minutes following haemorrhage, then 20 ml/kg of lactated Ringer's solution heated to body temperature was infused in 15 minutes to restore the blood pressure.
Except for the samples for PRA, blood was collected seven times from a cannulated femoral artery with simultaneous replacement of saline. This sampling was done before haemon'hage ($1), at the end of haemorrhage ($2), 15($3), 30($4), and 60(S~) minutes after haemorrhage, 15($6) and 45 ($7) minutes after the completion of infusion. Blood samples for PRA were collected at the same time through the venous catheter. After the last sampling, the dog was sacrificed by administration of magnesium sulfate. Blood flow in renal cortical tissue was expressed as percentage change between pre-haemorrhage (100 per cent) and after death (0 per cent).
The determination of plasma vasopressin (VP) concentration was made by the radioimmunoassay method described by Kudo, et al. r ' The coeflqcient of variation (c.v.) of this method was 11 per cent. Plasma renin activity (PRA) was determined by radioimmunoassay with a commercially available radioimmunoassay kit (Dainabot RENIN RIAKIT) which was based on the method of Haber, et al. ~ The c.v. of this method was 7.5 per cent. Plasma aldosterone was measured with a commercially available radioimmunoassay kit (Green-Cross Aldosterone H-3 Kit) which was based on the method of Makenzie and Clements3 The c.v. of this method was 9 per cent.
Mean values have been expressed with the standard error (S.E.) of the mean as the index of dispersion. The student's t-test for paired observations was employed for evaluation of the data. In these results, data indicated to be statistically significant have p values less than 0.05.
RESULTS
Mean arterial pressure (MAP) during procedure is depicted in Figure 1 . After the haemorrhage, a signifcant compensatory rise in MAP was observed in the control group. However, in the group treated with SQ20881 this rise was not statistically significant. The difference in MAP between the two groups was significant. Renal cortical tissue blood flow (RBF) of the SQ20881-treated group was significantly lower than that of control group at 30 and 60 minutes after the haemorrhage and 15 minutes after the infusion (Table I ) .
Haemorrhage produced sharp increase in plasma vasopressin (VP) levels ill both groups, but these elevations lasted for only a short period. Significant elevation in plasma renin activity (PRA) was observed following haemorrhage. Plasma aldosterone levels showed 2.4-to 2.5-fold increase following haemorrhage. These elevations lasted until lactated Ringer's solution was infused. However, no significant differences were recognized between the two groups for plasma level of VP or aldosterone, or PRA for each of the sampling times during the experiment (Table II) . There were 13o significant differences between the two groups for Paso2, Pao2, plasma concentrations of Na +, K +, plasma osmolality, arterial pH, urine concentrations of Na +, K +, or urine osmolality for each of file sampling times. 
SQ20881 -TREATED GROUP

DISCUSSION
Administration of an inhibitor of angiotensin I converting enzyme (SQ20881) induced significant delay and decrease in a compensatory rise in blood pressure following haemorrhage as reported by ErdSs, e t al. s This would indicate that an initial recovery of blood pressure is partly regulated by angiotensin II. Plasma renin activity (PRA) increases in response to various stimuli, such as haemorrhage and surgical stress2 Even pentobarbitone anaesthesia alone was reported to evoke a 5-fold rise of PRA in dogs. 1~ The relatively high PRA values before haemorrhage in our study, compared with those values (0.8ng/ml/hr) in conscious, nonsurgically manipulated dogs reported by Johnson and Malvin, l~ might be caused by pentobarbitone anaesthesia and surgical stress. Miller, e t al. 1~ reported that the administration of inhibitor of angiotensin I converting enzyme increased the levels of renin in blood, probably by eliminating the feed-back inhibition of release of renin by circulating angiotensin II. This negative feed-back mechanism would not have been activated during the acute stress of haemorrhage because no significant difference was detected in PRA between the group treated with SQ20881 and the control. Although it is suggested that the renin-angiotensin system regulates vasopressin (VP) secretion, 12,13 our data showed no significant differences in plasma vasopressin levels between the SQ20881-treated and the control group. This might imply that angiotensin II plays little role in the regulation of vasopressin secretion during haemorrhage.
Recent evidence suggests that angiotensin II and vasopressin may play a role in irreversible haemorrhagic shock. '-',14.15 Surprisingly good survival rates in haemorrhagic shock were reported in dogs treated with SQ20881 and in dogs with diabetes insipidus. ~ The beneficial effect of SQ20881 was attributed to the prevention of vasoconstriction. Another report speculated a possible involvement of angiotensin II in the cardiac failure observed in haemorrhagic shock. TM Infusion of large amounts of angiotensin II has been proved to cause focal necrosis in the cardiac muscles and acute renal failure because of its strong vasoconstrictive property. 15 Although intestinal vasoconstriction is thought to be responsible for the development of irreversible haemorrhagic shock, phenoxybenzamine (POB) has been proved to be ineffective to release mesenteric vasoconstriction induced by haemorrhage. 16 Circulating angiotensin II and vasopressin were reported to be responsible for the contraction of the intestinal resistance vessel after haemorrhage, ~6 and the intestinal vasoconstriction was shown to be prevented by SQ20881. 17 We intended to prove a beneficial effect of SQ20881 on renal perfusion, since the kidney is one of the target organs in shock. Noradrenalin-induced cortical vasoconstriction in the kidney was reported to be mediated by activation of both the renin-angiotensin system and a-adrenergie receptors. 18 In contradiction to our expectation that SQP.0881 would increase renal blood flow by the prevention of renal vasoconstriction during haemorrhagie hypotension, our data demonstrated a decrease in renal blood i]ow in the SQg~0881-treated group. Bailie and Barbour 1' observed that the infusion of SQ20881 resulted in a decrease in mean systemic blood pressure, and a significant fall in glomerular filtration rate. Considering their report and our data, inhibition of angiotensin I converting enzyme seems to have no beneficial effect on renal perfusion.
SuMI~r
The present study was undertaken to investigate the effect of inhibition of angiotensin I converting enzyme on endocrine responses and renal perfusion in haemorrhagie shock. Plasma levels of vasopressin (VP), aldosterone, and plasma renin activity (PRA), and renal cortical tissue blood flow were measured both in control dogs and in those treated with an inhibitor of angiotensin I converting enzyme (SQ20881). The.drug was administered with an intention of preventing vasoconstriction induoed by angiotensin II and to improve tissue perfusion.
No significant differences were found in plasma levels of vasopressin, aldosterone and plasma renin activity between control and SQ20881-treated groups. Secondary elevation of blood pressure following haemorrhage was significantly delayed and reduced by the administration of the inhibitor. Decrease in renal cortical tissue blood flow was observed in the SQ20881-treated group. It is suggested that angiotension II appears to play a role in spontaneous recovery of arterial blood pressure following haemorrhage. Furthermore, angiotensin II does not seem to play an important role in the stimulation of secretion of vasopressin in response to haemorrhage. Our data failed to demonstrate any favourable effects of inhibition of angiotension I converting enzyme on renal perfusion during haemorrhagic shock in dogs.
